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northwestern Europe) is also consistent with reports 
from Sweden,22 Germany,23 and Switzerland24 that covered 
a subset of our analysis years. Similarly, our estimated 
increases for high-income English-speaking countries 
are consistent with studies that had analysed repeated 
population-based surveys in the USA25 and the UK.26,27 A 
meta-analysis of 15 studies in Japan reported no increase 
in diabetes prevalence,28 as observed in our analysis. 
Several recent reports have also documented similar 
increases in diabetes prevalence to those observed in our 
analysis in China,29,30 India,31–34 Iran,35 Turkey,36 and Saudi 
Arabia.37 Finally, our fi nding of the slower rise in diabetes 
prevalence in women compared with men is consistent 
with historical data in a few high-income countries.18,19

The larger rise in diabetes prevalence in low-income and 
middle-income countries than in high-income countries, 
and the mostly fl at trends in Europe (especially in 
northwestern Europe), might be caused by several factors. 
First, adiposity, which is an important risk factor for 
diabetes, has increased substantially more, and is now 
higher, in many low-income and middle-income countries 
than in continental Europe and high-income Asia Pacifi c 
countries, especially in women.16 Second, regional 
diff erences in diabetes could be due in part to diff erences 
in genetic susceptibility or phenotypic variations arising 
from inadequate fetal and childhood nutrition and growth; 
earlier onset of β-cell dysfunction might be one 
diff erentiating characteristic of Asian populations 
compared with European populations.38–42 Third, better-
resourced health systems in Europe and other high-
income countries might identify people at high risk of 
diabetes at an earlier stage, and use lifestyle and dietary 

modifi cation or drugs to prevent or delay its onset.43–45 At 
the moment, information on the proportion of people 
with, or at risk of, diabetes who are diagnosed and receive 
treatment is limited to a few countries. Consistent 
information on diagnosis and treatment coverage will 
become increasingly important as universal health 
coverage becomes a central theme of global health eff orts, 
and should be a focus of future analyses. Finally, in 
addition to total caloric intake and adiposity, dietary 
composition and physical activity might aff ect diabetes risk 
and contribute to diff erences in regional trends.46 These 
and other potential reasons for the divergent trends in 
diabetes prevalence should be investigated. Furthermore, 
the shift in diabetes burden from women towards men 
might be due to men having higher prevalences of some 
risk factors for diabetes, such as smoking, or being at risk 
of diabetes at lower BMI levels than are women.18,19

The strengths of our study include its scope of making 
consistent and comparable estimates of trends in diabetes 
prevalence and of the probabilities of meeting the global 
diabetes target. We used an unprecedented amount of 
population-based data, which came from countries in 
which 90% of the global adult population lives. We used 
only data from studies that had measured a diabetes 
biomarker to avoid bias in self-reported data. Data were 
analysed according to a common protocol, and the 
characteristics and quality of data sources were rigorously 
verifi ed through repeated checks by Collaborating Group 
members from each country. We pooled data using a 
statistical model that took into account the epidemiological 
features of diabetes, including non-linear time trends and 
age associations, and used all available data while giving 
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Figure 7: Trends in the number of adults with diabetes by region (A) and decomposed into the contributions of population growth and ageing, rise in 
prevalence, and interaction between the two (B)
For results by region see appendix pp 101–102.
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Figure 6: Probability of achieving the target of halting the rise of diabetes in adults by 2025 at its 2010 levels by sex and country if post-2000 trends continue
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(ages 20–69) attributable to high 
blood glucose increased for both 
sexes across all WHO regions, 
except among women in the 
WHO European Region (Figure 3). 
The increase in the proportion of 
deaths attributable to high blood 
glucose was highest in the WHO 
Western Pacific Region, where the 
total number of deaths attributable 
to high blood glucose during this 
period also increased from 490 000 
to 944 000.

1.2 PREVALENCE OF DIABETES 
AND ASSOCIATED RISK FACTORS

WHO estimates that, globally, 
422 million adults aged over 
18 years were l iv ing with 
diabetes in 2014 (more details 
on methodology can be found 
in Annex B and reference 4). The 
largest numbers of people with 
diabetes were estimated for the 
WHO South-East Asia and Western 

TABLE 2. ESTIMATED PREVALENCE AND NUMBER OF PEOPLE WITH DIABETES (ADULTS 18+ YEARS)

Pacific Regions (see Table 2), 
accounting for approximately half 
the diabetes cases in the world.

The number of people with 
diabetes (defined in surveys as 
those having a fasting plasma 
glucose value of greater than 
or equal to 7.0 mmol/L or on 
medication for diabetes/raised 
blood glucose) has steadily risen 
over the past few decades, due to 
population growth, the increase in 
the average age of the population, 
and the rise in prevalence of 
diabetes at each age. Worldwide, 
the number of people with 
d iabetes has subs tant ia l ly 
increased between 1980 and 2014, 
rising from 108 million to current 
numbers that are around four times 
higher (see Table 2). Forty per 
cent of this increase is estimated 
to result from population growth 
and ageing, 28% from a rise in 
age-specific prevalences, and 32% 
from the interaction of the two (4).

In 2014  

422  
million  
adults had diabetes

a. Totals include non-Member States.

WHO Region

Prevalence (%) Number (millions)

1980 2014 1980 2014

African Region 3.1% 7.1% 4 25

Region of the Americas 5% 8.3% 18 62

Eastern Mediterranean Region 5.9% 13.7% 6 43

European Region 5.3% 7.3% 33 64

South-East Asia Region 4.1% 8.6% 17 96

Western Pacific Region 4.4% 8.4% 29 131

Total a 4.7% 8.5% 108 422

Source: (4).
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1. Unless otherwise noted, prevalence 
estimates reported in this section are 
age-standardized.

In the past 3 decades the 
prevalence 1 (age-standardized) 
of diabetes has risen substantially 
in countries at all income levels, 
mirroring the global increase in 
the number of people who are 
overweight or obese. The global 
prevalence of diabetes has grown 
from 4.7% in 1980 to 8.5% in 2014, 
during which time prevalence has 
increased or at best remained 
unchanged in every country (4). 
Over the past decade, diabetes 
prevalence has risen faster in 
low- and middle-income countries 
than in high-income countries 
(see Figure 4a). The WHO Eastern 
Mediterranean Region has 
experienced the greatest rise in 
diabetes prevalence, and is now 
the WHO region with the highest 
prevalence (13.7%) (see Figure 4b).

TYPE 1 DIABETES

Distinguishing between type 1 
and type 2 diabetes is not always 
easy as it often requires relatively 
sophisticated laboratory tests for 
pancreas function. Distinct global 
estimates of diabetes prevalence 
for type 1 and type 2 therefore do 
not exist.

Much of our knowledge of the 
incidence of type 1 diabetes 
relates to children and has been 
generated by collaborative 
initiatives to develop population-
based, standardized registries 
of new cases worldwide, such as 
the WHO DIAMOND Project (5). 
Globally, these registries recorded 
large differences in the incidence 
and prevalence of type 1 diabetes, 
ranging from over 60 to under 
0.5  cases annually per 100 000 
children aged under 15 years; 
differences in case ascertainment 

FIGURE 4A. TRENDS IN PREVALENCE OF DIABETES, 1980–2014, BY COUNTRY INCOME GROUP
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WORLD

382 M

Type 1 diabetes

Normal situation

gestational diabetes

Type 2 diabetes

of the long-term damage being caused by their 
disease. Gestational diabetes, which appears 
during pregnancy, can lead to serious health risks 
to the mother and her infant and increase the risk 
for developing type 2 diabetes later in life.

All types of diabetes require close collabora-
tion between those affected and their healthcare 
providers in order to prevent a range of costly, 
dangerous complications, which can provoke 
damage to the eyes, kidneys, feet and heart, and, 
left untreated, result in early death.

What is diabetes? 

The three main types of diabetes – type 1 diabetes, 
type 2 diabetes and gestational diabetes –occur 
when the body cannot produce enough of the 
hormone insulin or cannot use insulin effectively. 
Insulin acts as a key that lets the body’s cells take 
in glucose and use it as energy.

People with type 1 diabetes, the result of an auto-
immune process with very sudden onset, need 
insulin therapy to survive. Type 2 diabetes, on the 
other hand, can go unnoticed and undiagnosed for 
years. In such cases, those affected are unaware 

Diabetes is a huge  
and growing problem, 
and the costs to society 
are high and escalating.
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therapy and limb salvage in patients with
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Cristian Nicoletti @crinicoletti · 25 mar
Do you remember this #diabeticfoot? This is #limbsalvage



     
Cristian Nicoletti @crinicoletti · 10 mar
Early debridement in a limb & life threatening acute #diabeticfoot
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Yesterday and today... something is going wrong?
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IN ITALIA 

3.300.000 diabetici  
5.5% della popolazione 
9% della fascia 20-79 anni 

1.000.000 di soggetti con “diabete sommerso” 

2.600.000 con pre-diabete, pari al 4.3% della popolazione  

Ogni giorno 200 nuovi casi di diabete 

Nel 2030 previsti 5.000.000 di diabetici
ISTAT 2012
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“Dottore, il 
diabete è una 
vera e propria 
fregatura…”

GardaLakeDiabetic
Foot



Definizione

Piede con alterazioni anatomo-funzionali 
determinate dalla arteriopatia occlusiva 
periferica e/o dalla neuropatia diabetica 

GardaLakeDiabetic
Foot



Per affrontare un problema, bisogna prima 
conoscerlo…

Il 15-25% dei diabetici avrà un’ulcera del piede almeno 1 volta nella vita 

I diabetici rappresentano ormai il 8% della popolazione mondiale, ma 
fino al 70% delle amputazioni non traumatiche agli arti inferiori sono 
a carico di soggetti diabetici 

Nel mondo ogni 20 secondi un arto inferiore è amputato come 
conseguenza del diabete 

Il 5% dei diabetici con una prima diagnosi di ulcera del piede muore 
entro 1 anno, il 42% entro 5 anni GardaLakeDiabetic

Foot



WHAT DO THEY NEED ?GardaLakeDiabetic
Foot



Limb AND life treatheningGardaLakeDiabetic
Foot



Barshes et al, 2013

DIABETIC CANCER

Major amputation
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Amputation and Mortality in New-Onset
Diabetic Foot Ulcers Stratified by
Etiology
PROBAL K. MOULIK, MRCP

1

ROBERT MTONGA, MB
2

GEOFFREY V. GILL, MD
1

OBJECTIVE — Foot ulcers and their complications are an important cause of morbidity and
mortality in diabetes. The present study aims to examine the long-term outcome in terms of
amputations and mortality in patients with new-onset diabetic foot ulcers in subgroups stratified
by etiology.

RESEARCH DESIGN AND METHODS — Patients presenting with new ulcers (dura-
tion !1 month) to a dedicated diabetic foot clinic between 1994 and 1998 were studied.
Outcomes were determined until March 2000 (or death) from podiatry, hospital, and district
registers. Baseline clinical examination was done to classify ulcers as neuropathic, ischemic, or
neuroischemic. Five-year amputation and mortality rates were derived from Kaplan-Meier sur-
vival analysis curves.

RESULTS — Of the 185 patients studied, 41% had peripheral vascular disease (PVD) and
61% had neuropathy; 45%, 16%, and 24% of patients had neuropathic, ischemic, and neurois-
chemic ulcers, respectively. The mean follow-up period was 34 months (range 1–65) including
survivors and patients who died during the study period. Five-year amputation rates were higher
for ischemic (29%) and neuroischemic (25%) than neuropathic (11%) ulcers. Five-year mortal-
ity was 45%, 18%, and 55% for neuropathic, neuroischemic, and ischemic ulcers, respectively.
Mortality was higher in ischemic ulcers than neuropathic ulcers. On multivariate regression
analysis, only increasing age predicted shorter survival time.

CONCLUSIONS — All types of diabetic foot ulcers are associated with high morbidity and
mortality. The increased mortality appears to be independent of factors increasing ulcer risk—
that is, neuropathy and PVD—in patients with established foot ulcers.

Diabetes Care 26:491–494, 2003

F oot ulcers and their complications
are an important cause of morbidity
and mortality in patients with diabe-

tes. Annual incidence of foot ulcers is 1%
to 4% and prevalence 5% to 10% in pa-
tients with diabetes (1). About 50% of pa-
tients undergoing nontraumatic lower-
limb amputations have diabetes (2).
These patients have a high mortality fol-
lowing amputation, ranging from 39% to
80% at 5 years (1).

There are relatively few studies on
survival of patients with diabetic foot ul-
cers. Furthermore, many of these studies
are based on prevalent cases, which over-
estimate mortality because ulcers are
likely to have been present for months to
years before the patients are enrolled. Fi-
nally, little is known about the survival of
patients with different types of foot ulcers,
i.e., neuropathic, neuroischemic, or isch-
emic.

The present study aims to examine
outcomes in patients with new-onset dia-
betic foot ulcers of various etiologies with
reference to amputations and mortality.

RESEARCH DESIGN AND
METHODS — Patients were recruited
from the Diabetic Foot Clinic at Univer-
sity Hospital Aintree in Liverpool be-
tween 1994 and 1998. All patients with
newly diagnosed diabetic foot ulcers (du-
ration !1 month) were enrolled. A chi-
ropodist and a consultant diabetologist
assessed all the patients.

Diabetes was defined as type 1 if the
age of onset was !30 years and insulin
treatment was started at diagnosis. Pa-
tients with onset of diabetes after age 30
years and initially on diet or oral hypogly-
cemic therapy were considered to have
type 2 diabetes. A foot ulcer was defined
as a full-thickness skin defect present for
at least 2 weeks. A standard neurological
examination tested the sensation to light
touch (cotton wool), pain (sterile neuro-
logical examination pins [Neurotips]), vi-
bration (128-Hz tuning fork), and tendon
reflexes at the ankle (3). Peripheral neu-
ropathy was considered present if three of
the four were absent. Peripheral vascular
disease (PVD) was considered present
when both the dorsalis pedis and poste-
rior tibial pulses were absent in the af-
fected limb (4). Based on this, ulcers were
classified as neuropathic, ischemic, or
neuroischemic.

Data on outcome were collected from
podiatric and hospital records and district
registers up to March 2000 (or death, if
earlier). Mortality and lower-extremity
amputation events were noted on all the
patients from the above sources. Amputa-
tion included both major and minor pro-
cedures including toe amputations.
Statistical analysis was performed using
SPSS for Windows (SPSS, Chicago, IL).
The unpaired t test was used for mean
values and the "2 test for categorical val-
ues. Kaplan-Meier survival curves were
generated for the cohort, and the log-rank
test was used to test equality of survivor
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Amputation and Mortality in New-Onset
Diabetic Foot Ulcers Stratified by
Etiology
PROBAL K. MOULIK, MRCP
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2
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OBJECTIVE — Foot ulcers and their complications are an important cause of morbidity and
mortality in diabetes. The present study aims to examine the long-term outcome in terms of
amputations and mortality in patients with new-onset diabetic foot ulcers in subgroups stratified
by etiology.

RESEARCH DESIGN AND METHODS — Patients presenting with new ulcers (dura-
tion !1 month) to a dedicated diabetic foot clinic between 1994 and 1998 were studied.
Outcomes were determined until March 2000 (or death) from podiatry, hospital, and district
registers. Baseline clinical examination was done to classify ulcers as neuropathic, ischemic, or
neuroischemic. Five-year amputation and mortality rates were derived from Kaplan-Meier sur-
vival analysis curves.

RESULTS — Of the 185 patients studied, 41% had peripheral vascular disease (PVD) and
61% had neuropathy; 45%, 16%, and 24% of patients had neuropathic, ischemic, and neurois-
chemic ulcers, respectively. The mean follow-up period was 34 months (range 1–65) including
survivors and patients who died during the study period. Five-year amputation rates were higher
for ischemic (29%) and neuroischemic (25%) than neuropathic (11%) ulcers. Five-year mortal-
ity was 45%, 18%, and 55% for neuropathic, neuroischemic, and ischemic ulcers, respectively.
Mortality was higher in ischemic ulcers than neuropathic ulcers. On multivariate regression
analysis, only increasing age predicted shorter survival time.

CONCLUSIONS — All types of diabetic foot ulcers are associated with high morbidity and
mortality. The increased mortality appears to be independent of factors increasing ulcer risk—
that is, neuropathy and PVD—in patients with established foot ulcers.
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ration !1 month) were enrolled. A chi-
ropodist and a consultant diabetologist
assessed all the patients.

Diabetes was defined as type 1 if the
age of onset was !30 years and insulin
treatment was started at diagnosis. Pa-
tients with onset of diabetes after age 30
years and initially on diet or oral hypogly-
cemic therapy were considered to have
type 2 diabetes. A foot ulcer was defined
as a full-thickness skin defect present for
at least 2 weeks. A standard neurological
examination tested the sensation to light
touch (cotton wool), pain (sterile neuro-
logical examination pins [Neurotips]), vi-
bration (128-Hz tuning fork), and tendon
reflexes at the ankle (3). Peripheral neu-
ropathy was considered present if three of
the four were absent. Peripheral vascular
disease (PVD) was considered present
when both the dorsalis pedis and poste-
rior tibial pulses were absent in the af-
fected limb (4). Based on this, ulcers were
classified as neuropathic, ischemic, or
neuroischemic.

Data on outcome were collected from
podiatric and hospital records and district
registers up to March 2000 (or death, if
earlier). Mortality and lower-extremity
amputation events were noted on all the
patients from the above sources. Amputa-
tion included both major and minor pro-
cedures including toe amputations.
Statistical analysis was performed using
SPSS for Windows (SPSS, Chicago, IL).
The unpaired t test was used for mean
values and the "2 test for categorical val-
ues. Kaplan-Meier survival curves were
generated for the cohort, and the log-rank
test was used to test equality of survivor
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lated to amputation. Similarly, on multi-
variate forward stepwise Cox regression
analysis to estimate time to outcome, age
predicted shorter survival time (P !
0.01).

CONCLUSIONS — Foot problems in
diabetes continue to challenge the clini-
cians who care for these patients. Not only
are they associated with morbidity and
disability, but they also lead to significant
impairment of quality of life (5). Although
a high mortality is well documented in
patients with diabetic foot problems fol-
lowing amputation, few studies have as-
sessed long-term mortality in patients
with new-onset diabetic foot ulcers (6).

The study design included only pa-
tients with recent-onset foot ulcers, thus
avoiding overestimation of disease sever-
ity that may occur when prevalent cases
are included. We used simple clinical
tests to diagnose PVD and neuropathy.
These can be easily performed in any hos-
pital or community foot clinic. We regard
our results as robust, since a large number
of patients with foot ulcers were followed
for a substantial period. Mortality rates
are likely to be particularly accurate, as we
included podiatry records, hospital data,
and information from the district mortal-
ity register. However, the exact cause of
death could be ascertained only if the pa-
tient died in our hospital.

Observational studies suggest that
6–43% of patients with diabetes and a
foot ulcer eventually progress to amputa-
tion (7–9). Ramsey et al. (10) reported

amputation rates of 11.2% in patients
with new-onset foot ulcers over a 4-year
period. This is in agreement with crude
amputation rates (16%), 5-year amputa-
tion rates (19%), and mean time to ampu-
tation (58 months) in our series. Absence
of peripheral pulses has been established
to be a risk factor for subsequent ampu-
tation (11–16). In our study, 59% of pa-
tients who had amputations had PVD.
Five-year amputation rates (27%) were
higher, and time to amputation (53
months) was less (P ! 0.05) in these pa-
tients. Prevalence of peripheral neuropa-
thy was not significantly more common
among amputees. Indeed, time to ampu-
tation was greater in those with neuropa-
thy than in those without (Table 2). We
believe that those who developed ulcers
in the absence of clinical neuropathy were

Figure 2—Cumulative amputa-
tion rates in foot ulcers of various
etiologies.

Figure 3— Cumulative survival
rates in foot ulcers of various eti-
ologies.

Table 3—Mean survival period and 5-year mortality

Cases
(n)

Deaths
(n)

Survival
(months)

5-year
mortality

(%)

Overall 185 52 50 (47–54) 44
Ulcer type

Neuropathic (N) 83 21 52 (48–57) 45
Neuroischemic (NI) 30 6 53 (45–61)* 20
Ischemic (I) 44 20 41 (34–49)†‡ 56†‡
Other 28 5 46 (42–51) 23§

Amputation 30 9 50 (42–58) 47
No amputation 153 43 50 (46–54) 43
Data are means (95% CI) unless noted otherwise. *P " 0.05 for I vs. NI;†P ! 0.05 for I vs. N;†P ! 0.05;
§three-year mortality.
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a b s t r a c t

Background: Acute infections of the diabetic foot (DFI) are a common and complex condition. Patients are
generally managed in the ambulatory setting and epidemiological data pertaining to hospitalized pa-
tients is lacking. The aim of this study was to analyze the epidemiology, microbiology and outcomes of
hospitalized patients with DFI, who are managed at a referral center equipped with hyperbaric oxygen
(HBO) therapy.
Methods: A retrospective cohort study of adult patients admitted to a tertiary referral center with DFI
over a six-month period in 2013 was undertaken. Predictors of clinical outcomes and efficacy of treat-
ment modalities were analyzed by Cox regression.
Results: Sixty-one patients with DFI were identified. Most patients were elderly (67 ± 13 years), with
long-standing (17 ± 9 years), poorly controlled (HbA1c 9 ± 3%) diabetes. Most patients had polymicrobial
infection (80%); specifically, anaerobic (39%) and multi or extensively-drug resistant organisms (61%).
Administration of appropriate antimicrobials was delayed for >48 h in 83%. Advanced age was associated
with worse outcomes. Sicker patients with severe peripheral vascular disease were managed with HBO.
The use of HBO was associated with higher costs and increased functional deterioration, and did not
prevent future limb amputation.
Conclusions: Our study illustrates the descriptive epidemiology of hospitalized adults with DFI pre-
dominantly of polymicrobial etiology. MDROs and anaerobic organisms are common causative patho-
gens, and appropriate antibiotics were frequently delayed. HBO treatment may delay the need for limb
amputation, but not obviate this eventual outcome.

© 2015, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.

1. Introduction

Diabetes mellitus affects 8e13% of the world population, and
according to national data from the United States (US), has a
prevalence of 27% in patients over 65 years [1]. Among patients
with diabetes, diabetic foot infection (DFI) is one of the most
common complications with up to 10% of diabetic patients

developing a DFI [1,2]. DFI presents with a range of signs and
symptoms, and the severity of the DFI can range from a superficial
infection of the nail bed to deeper infections involving bone
(osteomyelitis) [3]. Although DFI is predominantly managed in the
outpatient setting, in the developedworld, DFI is themost common
admission diagnosis for diabetic patients [4], and management in
these cases frequently involves partial or total amputation of the
affected lower limb.

DFI is the most common reason for non-traumatic amputations
in developed countries [2], with data from the US showing that up
to 60% of all non-traumatic adult limb amputations in 2010 were
related to DFI [1]. Survival following limb amputation for DFI is less
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over 60% of patients isolated a multidrug resistant (MDR) or
extensively drug-resistant (XDR) bacteria (Table 3).

4.1.1. Antimicrobial therapy
Patients received a median of 16 days of antimicrobial therapy

(up to 55 days) andwere commonlymanagedwith combinations of
agents both as empiric therapy and as consolidative regimens.
Cephalosporins, metronidazole fluoroquinolones and beta-lactam/
beta-lactamase inhibitor combinations were most commonly pre-
scribed (Table 1).

4.2. Patient outcomes

Patient mortality was low, but functional deterioration occurred
in one-third of patients (Table 4). More than half of patients were
re-hospitalized, and one-quarter required amputation in the next 6
months. The median length of hospital stay was 10 days, with a
maximum length of stay of 65 days. Median hospitalization costs
were in excess of $6500 (Table 4). The multivariable models of
patients' outcomes revealed that empiric use of metronidazole and
treatment with HBO, were associated with worse outcomes.
Increasing age was an independent risk factor for re-admission
within 6 months after the index hospitalization due to DFI, and
PVD was associated with increased costs (Table 5).

4.3. Hyperbaric oxygen (HBO) treatment

Sixteen patients were treated with HBO per protocol [13]. Pa-
tients who underwent HBO were more likely to have PVD, a lower
Charlson's survival probability [14], and over one-third of cases
were dialysis-dependent. Higher numbers of amputations,
increased hospital length of stay and overall costs (excluding HBO-
associated costs) were observed in the patients who underwent
HBO (Table 6).

5. Discussion

This study describes a cohort of 61 patients with DFI who were
hospitalized in a tertiary-care academic medical center. AHMC has
a multi-disciplinary team for management of DFI including onsite
HBO. The patient cohort consisted of an elderly group of patients,
with functional impairment at baseline, a median 10-year survival
probability of only 8%, and extensive exposure to antimicrobials,
the healthcare environment, and procedures (Table 1). The sub-
optimal outcomes of patients, specifically, deterioration in func-
tional status, future additional hospitalizations and eventual
amputation of the affected limb were substantial among this hos-
pitalized group of patients (Table 4).

The microbiology results in this study are worthy of note. MDR
and XDR organisms (i.e., MDROs) were isolated in over 60% of pa-
tients. A French study found that 18% of patients with DFI had a
MDRO isolated [16], while Kandemir et al. found that 40% of
microbiological isolates from patients with DFI contained an MDRO
[17]. In contrast to this, Citron et al. reported low rates of MDROs
and found that ertapenem and piperacillin-tazobactam were each
active against >98% of enteric gram-negative rods, methicillin-
sensitive S. aureus, and anaerobes from a study of over 400 pa-
tients with DFI in the United States [18]. The presence of MDROs led

Table 2
University of Texas (UT) Diabetic wound classification score [15] for hospitalized
patients with DFI.

Wound grade Number Valid percenta

0eB 6 9
0eD 1 1.5
IeA 1 1.5
IeB 14 20.6
IeC 2 2.9
IeD 1 1.5
IIeB 5 7.4
IIeD 16 23.5
IIIeB 8 11.8
IIIeC 1 1.5
IIIeD 6 8.8

a Prevalence calculated only for patients with data.

Table 3
Microbiological results of 40 hospitalized patients with DFI.

Parameter Number Valida percent

Monomicrobial 8 20
Polymicrobial 32 80
Anaerobic 16 39
Patients with bacteremia 3 8
ESBLb 5 12
MDR organismsc 18 44
XDR organismsd 7 17

Bacteria isolated Bacteria type Number
Enterococcus faecalis Gram positives 9
Corynebacterium spp. 8
Staphylococcus aureus
MRSAe 1
MSSAf 5
Streptococcus dysgalactiae 4
Streptococcus pyogenes 3
Staphylococcus epidermidis 1
Streptococcus agalactiae 1
Streptococcus viridians group 1
Peptococcus spp. 1
Escherichia coli Gram negatives 9
Pseudomonas aeruginosa 9
Proteus mirabilis 8
Klebsiella pneumoniae 7
Morganella morganii 7
Acinetobacter baumanii 5
Enterobacter cloacae complex 4
Citrobacter koseri 3
Citrobacter freundii 2
Alcaligenes faecalis 2
Klebsiella spp. 2
Providencia rettgeri 2
Acinetobacter haemilyticus 1
Aeromonas hydrophila 1
Enterobacter spp. 1
Klebsiella oxytoca 1
Proteus penneri 1
Providencia spp. 1
Providencia stuartii 1
Pseudomonas putida 1
Raoultella ornithinolytica 1
Serratia marcescens 1
Bacteroides fragilis Anaerobic bacteria 8
Prevotella oralis 5
Bacteroides ovatus 4
Bacteroides thetaiotaomicron 3
Prevotella melaninogenica 3
Bacteroides caccae 1
Bacteroides stercoris 1
Bacteroides uniformis 1
Fusobacterium varium 1

a Prevalence calculated for the 40 patients with positive microbiological results.
b ESBL ¼ extended-spectrum b-lactamase producing Enterobacteriaceae.
c MDR ¼ multidrug resistant organisms include: ESBLs, methicillin-resistant

Staphylococcus aureus (MRSA), carbapenem-susceptible Pseudomonas aeruginosa,
and carbapenem-susceptible Acinetobacter baumannii.

d XDR ¼ extensively-drug resistant organisms include: vancomycin-resistant
enterococci (VRE), carbapenem-resistant Enterobacteriaceae (CRE), carbapenem-
nonsusceptible Pseudomonas aeruginosa, carbapenem-nonsusceptible Acineto-
bacter baumannii.

e MRSA ¼ methicillin-resistant Staphylococcus aureus.
f MSSA ¼ methicillin-susceptible Staphylococcus aureus.
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HBO. The patient cohort consisted of an elderly group of patients,
with functional impairment at baseline, a median 10-year survival
probability of only 8%, and extensive exposure to antimicrobials,
the healthcare environment, and procedures (Table 1). The sub-
optimal outcomes of patients, specifically, deterioration in func-
tional status, future additional hospitalizations and eventual
amputation of the affected limb were substantial among this hos-
pitalized group of patients (Table 4).

The microbiology results in this study are worthy of note. MDR
and XDR organisms (i.e., MDROs) were isolated in over 60% of pa-
tients. A French study found that 18% of patients with DFI had a
MDRO isolated [16], while Kandemir et al. found that 40% of
microbiological isolates from patients with DFI contained an MDRO
[17]. In contrast to this, Citron et al. reported low rates of MDROs
and found that ertapenem and piperacillin-tazobactam were each
active against >98% of enteric gram-negative rods, methicillin-
sensitive S. aureus, and anaerobes from a study of over 400 pa-
tients with DFI in the United States [18]. The presence of MDROs led

Table 2
University of Texas (UT) Diabetic wound classification score [15] for hospitalized
patients with DFI.

Wound grade Number Valid percenta

0eB 6 9
0eD 1 1.5
IeA 1 1.5
IeB 14 20.6
IeC 2 2.9
IeD 1 1.5
IIeB 5 7.4
IIeD 16 23.5
IIIeB 8 11.8
IIIeC 1 1.5
IIIeD 6 8.8

a Prevalence calculated only for patients with data.

Table 3
Microbiological results of 40 hospitalized patients with DFI.

Parameter Number Valida percent

Monomicrobial 8 20
Polymicrobial 32 80
Anaerobic 16 39
Patients with bacteremia 3 8
ESBLb 5 12
MDR organismsc 18 44
XDR organismsd 7 17

Bacteria isolated Bacteria type Number
Enterococcus faecalis Gram positives 9
Corynebacterium spp. 8
Staphylococcus aureus
MRSAe 1
MSSAf 5
Streptococcus dysgalactiae 4
Streptococcus pyogenes 3
Staphylococcus epidermidis 1
Streptococcus agalactiae 1
Streptococcus viridians group 1
Peptococcus spp. 1
Escherichia coli Gram negatives 9
Pseudomonas aeruginosa 9
Proteus mirabilis 8
Klebsiella pneumoniae 7
Morganella morganii 7
Acinetobacter baumanii 5
Enterobacter cloacae complex 4
Citrobacter koseri 3
Citrobacter freundii 2
Alcaligenes faecalis 2
Klebsiella spp. 2
Providencia rettgeri 2
Acinetobacter haemilyticus 1
Aeromonas hydrophila 1
Enterobacter spp. 1
Klebsiella oxytoca 1
Proteus penneri 1
Providencia spp. 1
Providencia stuartii 1
Pseudomonas putida 1
Raoultella ornithinolytica 1
Serratia marcescens 1
Bacteroides fragilis Anaerobic bacteria 8
Prevotella oralis 5
Bacteroides ovatus 4
Bacteroides thetaiotaomicron 3
Prevotella melaninogenica 3
Bacteroides caccae 1
Bacteroides stercoris 1
Bacteroides uniformis 1
Fusobacterium varium 1

a Prevalence calculated for the 40 patients with positive microbiological results.
b ESBL ¼ extended-spectrum b-lactamase producing Enterobacteriaceae.
c MDR ¼ multidrug resistant organisms include: ESBLs, methicillin-resistant

Staphylococcus aureus (MRSA), carbapenem-susceptible Pseudomonas aeruginosa,
and carbapenem-susceptible Acinetobacter baumannii.

d XDR ¼ extensively-drug resistant organisms include: vancomycin-resistant
enterococci (VRE), carbapenem-resistant Enterobacteriaceae (CRE), carbapenem-
nonsusceptible Pseudomonas aeruginosa, carbapenem-nonsusceptible Acineto-
bacter baumannii.

e MRSA ¼ methicillin-resistant Staphylococcus aureus.
f MSSA ¼ methicillin-susceptible Staphylococcus aureus.

D.E. Katz et al. / J Infect Chemother xxx (2016) 1e74

Please cite this article in press as: Katz DE, et al., Diabetic foot infection in hospitalized adults, J Infect Chemother (2016), http://dx.doi.org/
10.1016/j.jiac.2015.12.007
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DFI: Etiologic Agents Based on Presentation

Gram (+) 

Anaerobes Gram (-)

Ulcere superficiali
Recenti
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Ulcere profonde

Croniche
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“The main action in reducing social and 
e c o n o m i c c o s t s i n d i a b e t i c f o o t 
management should be reduction of major 
amputations”

Apleqvist J, Clin Podiatr Med Surg 1998 Jan; 15(1):21-39 
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Cosa succede ai diabetici che perdono un arto? 
1- PERDONO ANCHE L’ALTRO

Fate of the contralateral limb after lower extremity amputation

Julia D. Glaser, BSE, Rodney P. Bensley, MD, Rob Hurks, MD, PhD, Suzanne Dahlberg,
PhD, Allen D. Hamdan, MD, Mark C. Wyers, MD, Elliot L. Chaikof, MD, PhD, and Marc L.
Schermerhorn, MD
Department of Surgery, Division of Vascular and Endovascular Surgery, Beth Israel Deaconess
Medical Center and Harvard Medical School.

Abstract
Objective—Lower extremity amputation is often performed in patients where both lower
extremities are at risk due to peripheral arterial disease or diabetes, yet the proportion of patients
who progress to amputation of their contralateral limb is not well defined. We sought to determine
the rate of subsequent amputation on both the ipsilateral and contralateral lower extremities
following initial amputation.

Methods—We conducted a retrospective review of all patients undergoing lower extremity
amputation (exclusive of trauma or tumor) at our institution from 1998 to 2010. We used
International Classification of Diseases-Ninth Revision codes to identify patients and procedures
as well as comorbidities. Outcomes included the proportion of patients at 1 and 5 years
undergoing contralateral and ipsilateral major and minor amputation stratified by initial major vs
minor amputation. Cox proportional hazards regression analysis was performed to determine
predictors of major contralateral amputation.

Results—We identified 1715 patients. Mean age was 67.2 years, 63% were male, 77% were
diabetic, and 34% underwent an initial major amputation. After major amputation, 5.7% and
11.5% have a contralateral major amputation at 1 and 5 years, respectively. After minor
amputation, 3.2% and 8.4% have a contralateral major amputation at 1 and 5 years while 10.5%
and 14.2% have an ipsilateral major amputation at 1 and 5 years, respectively. Cox proportional
hazards regression analysis revealed end-stage renal disease (hazard ratio [HR], 3.9; 95%
confidence interval [CI], 2.3–6.5), chronic renal insufficiency (HR, 2.2; 95% CI, 1.5–3.3),

Copyright © 2013 by the Society for Vascular Surgery.
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Fig 2.
Kaplan-Meier survival curves depicting rates of contralateral major amputation in all
patients with and without diabetes in (A) those who underwent an initial major amputation
(P = .02) and (B) those who underwent an initial minor amputation (P = .13). Standard error
is <10% throughout both curves.
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Fig 4.
Kaplan-Meier survival curves depicting rates of contralateral major amputation in all
patients with and without end-stage renal disease (ESRD) in (A) those who underwent an
initial major amputation (P < .01; dotted line denotes where standard error exceeds 10%)
and (B) those who underwent an initial minor amputation (P < .001; standard error is <10%
throughout the curve).

Glaser et al. Page 12

J Vasc Surg. Author manuscript; available in PMC 2014 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscriptGardaLakeDiabetic
Foot



Choi et al,  BMC Surgery 2014 14:113

Tasso di sopravvivenza a 5 anni

    Arto salvato     81.6%
    Arto amputato 36.4%
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Long-Term Prognosis of Diabetic Patients
With Critical Limb Ischemia
A population-based cohort study

EZIO FAGLIA, MD
1
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OBJECTIVE — To evaluate the long-term prognosis of critical limb ischemia (CLI) in diabetic
patients.

RESEARCH DESIGN AND METHODS — A total of 564 consecutive diabetic patients
were hospitalized for CLI from January 1999 to December 2003; 554 were followed until
December 2007.

RESULTS — The mean follow-up was 5.93 ! 1.28 years. Peripheral angioplasty (PTA) was
performed in 420 (74.5%) and bypass graft (BPG) in 117 (20.6%) patients. Neither PTA nor BPG
were possible in 27 (4.9%) patients. Major amputations were performed in 74 (13.4%) patients:
34 (8.2%) in PTA, 24 (21.1%) in BPG, and 16 (59.2%) in a group that received no revascular-
ization. Restenosis occurred in 94 patients, bypass failures in 36 patients, and recurrent ulcers in
71 patients. CLI was observed in the contralateral limb of 225 (39.9%) patients; of these, 15
(6.7%) required major amputations (rate in contralateral compared with initial limb, P " 0.007).
At total of 276 (49.82%) patients died. The Cox model showed significant hazard ratios (HRs) for
mortality with age (1.05 for 1 year [95% CI 1.03–1.07]), unfeasible revascularization (3.06
[1.40–6.70]), dialysis (3.00 [1.63–5.53]), cardiac disease history (1.37 [1.05–1.79]), and im-
paired ejection fraction (1.08 for 1% point [1.05–1.09]).

CONCLUSIONS — Diabetic patients with CLI have high risks of amputation and death. In
a dedicated diabetic foot center, the major amputation, ulcer recurrence, and major contralateral
limb amputation rates were low. Coronary artery disease (CAD) is the leading cause of death, and
in patients with CAD history the impaired ejection fraction is the major independent prognostic
factor.

Diabetes Care 32:822–827, 2009

A variety of consensus statements
and reviews (1–3) have assessed the
outcomes of diabetic patients with

peripheral arterial disease (PAD). How-
ever, we are not aware of any prospective
studies performed in a diabetic popula-
tion with critical limb ischemia (CLI).
The aim of this prospective study was to
evaluate in diabetic patients the prog-
nostic impact of CLI diagnosed accord-

ing to the criteria proposed in 2000 by
the Transatlantic Inter-Society Consen-
sus (TASC) (4).

RESEARCH DESIGN AND
METHODS — Between 1 January
1999 and 31 December 2003, 564 dia-
betic patients were hospitalized in our di-
abetic foot center because of CLI. During
the hospital stay, patients and their fami-

lies were trained to manage both an ulcer-
ated and a nonulcerated foot. The
importance of prompt immediate referral
to our center, irrespective of scheduled
visits, was pointed out in cases of insur-
gence of ischemic rest pain or ulcerations,
even of minimal appearance. All patients
who underwent peripheral revasculariza-
tion were prescribed either 250 mg/day
ticlopidine plus 100 mg/day salicylic acid
or 500 mg/day ticlopidine.

CLI diagnosis
All diabetic patients referred to our dia-
betic foot center for ischemic rest pain
and/or foot ulcer or gangrene were as-
sessed for the presence of sensory motor
neuropathy, infection, and CLI. Sensory
motor neuropathy was diagnosed in pa-
tients with a biothesiometer vibration
perception threshold #25 V, insensitivity
to touching with a Semmes-Weinstein
10-g filament in #5 of 9 foot points, and
absence of the Achilles tendon reflex. In
patients with foot ulcers, the presence of
an infection was indicated by local cellu-
litis, erythema, or purulence with a posi-
tive swab culture. CLI was diagnosed in
patients with $70 mmHg ankle pressure,
when assessable, and $50 mmHg trans-
cutaneous oxygen tension (TcPO2) at the
dorsum of the foot.

Vascular procedures
All patients with CLI were referred to an
angiographic study. Patients with vessel
diameter obstruction #50% underwent
peripheral angioplasty (PTA) during the
angiographic study, when possible, as a
first-choice revascularization procedure
(PTA group) (5). PTA was utilized exten-
sively: no stenosis or occlusion was con-
sidered a priori unsuitable for a PTA
recanalization. Stenoses or occlusions
#10 cm in length and consecutive multi-
ple stenoses (types C and D of the TASC
morphological stratification of obstruc-
tions) were treated with PTA when possi-
ble; PTA was not feasible when calcified
vessel occlusions did not permit passage
of a balloon catheter. Vessel recanaliza-
tion was considered successful when di-
rect flow was achieved in at least one
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per year: 6.4%). The restenosis diagnosis
was made in 100 case subjects based on
the lack of wound healing, with or with-
out pain, and in 27 case subjects based on
the reappearance of resting pain without a
foot lesion. The resulting ischemic limb
was further revascularized in 81 patients;
72 patients underwent a further PTA and
9 patients underwent a BPG. These pro-
cedures were not practicable in the re-
maining 13 patients; thus, a major
amputation was required. After the fur-
ther PTA, 29 patients required further
surgical intervention due to diastasis of
the surgical wound.

BPG failure
A total of 36 BPG failures were observed
(incidence per year: 8.8%). Fifteen of
these received a PTA or further BPG.
Twenty-one patients who could not sus-
tain further revascularization either by
PTA or BPG required major amputations.
In all 21 patients, the major amputation
was performed due to the reappearance of
ischemic rest pain with or without ulcers.
After recanalization of the graft, two pa-
tients also required a further surgical in-
tervention due to diastasis of the surgical
wound.

Ulcer recurrence
A total of 71 patients were readmitted to
our hospital due to ulcer recurrence with-
out evidence of CLI (incidence per year:
4.3%). The Wagner grades of these ulcers
were 1 for 57 patients, 2 for 11 patients,
and 4 for 3 patients. All the lesions healed
without the need for a major amputation;
7 patients required toe amputations and
64 patients required no minor amputa-
tions. No ulcer recurrences were observed
in patients who had PTA restenoses or
BPG failures during follow-up.

CLI incidence and amputation in the
contralateral limb
CLI in the contralateral limb was ob-
served in 225 (40.6%) patients (incidence
per year: 14.76%). A major contralateral
limb amputation was performed in 15
(6.7%) patients. The amputation rate was
significantly lower in the contralateral
limb compared with that in the limb that
had the initial CLI (!2 " 7.3, P " 0.007).

Survival
A total of 276 (49.8%) patients died, 4 at
30 days and 272 during follow-up, with
an incidence per year of 12.53%. Table 2
reports the causes of death.

The annual death incidence was not
different between patients who received
PTA (n " 202; 48.9%) and those who
received BPG (n " 51, 44.7%; !2 0.74,
P " 0.391). The annual death incidence
in patients who received peripheral revas-
cularization (11.9%) was different from
that in patients who did not receive revas-
cularization (52.9%; !2 53.6, P # 0.001).
Figure 1 shows the Kaplan-Meier major
amputation and survival estimates for pa-
tients who received PTA, BPG, or no re-
vascularization. Cardiac disease was the
leading cause of death, with an annual
incidence rate of 8.1%. Cardiac disease
was due to acute myocardial infarction in
89 (49.7%), pump failure in 72 (40.0%),
and sudden death in 18 (10.1%) patients.

Multivariate analysis of the variables
that were found to be associated in the
univariate analysis confirmed the inde-
pendent roles of age (hazard ratio 1.05 for
1 year, P # 0.001, 95% CI 1.03–1.07),
unfeasible peripheral revascularization
(3.06, P # 0.005, 1.40–6.70), dialysis
(3.00, P # 0.001, 1.63–5.53), and history
of cardiac disease (1.37, 1.05–1.79). In
patients with history of cardiac disease,
impaired ejection fraction was indepen-
dently associated with death (1.08 for 1%
point, P # 0.001, 1.05–1.09).

CONCLUSIONS — PAD is an under-
recognized complication of diabetes (12).
CLI is an even more underrecognized
complication (13,14). For diabetic pa-
tients, the onset of CLI is a dramatic event;
the risk of major amputation and death is
considerable. The proper management of
CLI could improve the amputation out-
come. Compared with the data reported

in the literature, our series of revascular-
ized patients required decidedly fewer
major amputations in both the early and
follow-up periods (15). This is most likely
due to the ability of our diabetic foot cen-
ter to perform both endoluminal and sur-
gical revascularization techniques, thus
providing $ 95% of the patients with ves-
sel revascularization. The rate of amputa-
tion was consistently lower in patients
that received revascularization compared
with patients that could not undergo re-
vascularization (16). Moreover, the am-
putation rate would certainly have been
higher if the latter group of patients had
not had such a high mortality rate. Nev-
ertheless, the center’s optimal capacity for
revascularization is not enough to reduce
the rate of major amputations. An excel-
lent diagnostic ability and an adequate
ulcer management program postrevascu-
larization are also required (17).

Recent reports in the literature, and in
particular the recent Cochrane review,
have reported that surgical and endolu-
minal revascularizations had similar out-
comes in terms of mortality and major
amputation rates (18,19). We also ob-
served similar amputation rates for the
two procedures in the early period, but
during the follow-up, the BPG group had
a higher amputation rate than the PTA
group. The difference appeared in the
Kaplan-Meier curves at the late follow-up.
The only significantly different parameter
between the two groups at admission was
the TcPO2. However, in our protocol, the
BPG was performed only when PTA was
impossible; this may have selected pa-
tients with more severe arteriopathy. Nev-
ertheless, the most important message
that emerged from this study regarding
the treatment of diabetic patients with
CLI was the enormous difference in the
amputation rate between patients that re-
ceived and those that did not receive re-
vascularization; this difference was
evident in both the early and the late fol-
low-up periods. This showed that a suc-
cessful revascularization was more
important than the type of revasculariza-
tion used.

Readmission to the hospital occurred
frequently due to late failure of revascu-
larization (because of restenosis after PTA
or because of failure of BPG). We found
that antiplatelet therapy played an impor-
tant role in both PTA restenosis and BPG
failure (i.e., we frequently found that pa-
tients had been prescribed insufficient
doses of ticlopidine). However, many pa-
tients, particularly those who developed

Table 2—Causes of death in the followed
population (n ! 554)

Cause of death

n 276
Cardiac disease 179 (64.9)
Stroke 35 (12.7)
Cancer 28 (10.1)
Pulmonary embolism 4 (1.4)
Aneurysm 2 (0.7)
Renal insufficiency 6 (2.2)
Gastroenteric disease 4 (1.4)
Cirrhosis 5 (1.8)
Pneumonia 4 (1.4)
Geromarasmus 7 (2.5)
Septic shock 1 (0.4)
Suicide 1 (0.4)
Data are n (%).
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ANNI POST 
AMPUTAZIONE

Costo medio annuo 
(euro)  

PZ DIABETICI

Costo medio annuo 
(euro) 

PZ NON DIABETICI

-1 24.504 18.961

3 115.676 92.862
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Orientamenti terapeutici

Il piede NEUROPATICO va SCARICATO 

Il piede ISCHEMICO va RIVASCOLARIZZATO 

Il piede INFETTO va trattato con ANTIBIOTICI 
e/o CHIRURGIA 
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GESTIONE MULTIDISCIPLINARE 

TERAPIA MULTIMODALE
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A multidisciplinary team approach 
There are many different causes of diabetic foot problems. A combination of factors slow the normal healing 
process of an ulcer, and can provoke infections or gangrene, with long-term hospital treatment and amputation 
as a result. The key factors in predicting the outcome of the diabetic foot ulcer are infection, ischaemia, wound 
management, pressure relief, neuropathy, and co-morbidity. Ideally, healthcare professionals from different 
specialties should be involved in providing care. The past 15 years have seen a growing evidence base that 
strongly indicates that foot care for people with diabetes is optimal when sufficient financial and human 
resources are employed in order to create diabetic foot care services that involve healthcare professionals from 
different disciplines. The multidisciplinary team approach to diabetic foot care has been shown to bring about a 
49-85% reduction in amputation rates. This underlines the need to provide funding and support to create new 
clinics along the lines described in this publication.

ORIGINAL INVESTIGATION Open Access

Structured health care for subjects with diabetic
foot ulcers results in a reduction of major
amputation rates
Matthias Weck1,4*, Torsten Slesaczeck1, Hartmut Paetzold2, Dirk Muench3, Thomas Nanning3, Georg von Gagern2,
Andrej Brechow1, Ulf Dietrich4, Mandy Holfert4, Stefan Bornstein5, Andreas Barthel5,6, Antje Thomas7,
Carsta Koehler7 and Markolf Hanefeld7

Abstract

Objective: We tested the effects of structured health care for the diabetic foot in one region in Germany aiming to
reduce the number of major amputations.

Research design and methods: In a prospective study we investigated patients with diabetic foot in a structured
system of outpatient, in-patient and rehabilitative treatment. Subjects were recruited between January 1st, 2000 and
December 31, 2007. All participants underwent a two-year follow-up. The modified University of Texas Wound
Classification System (UT) was the basis for documentation and data analysis. We evaluated numbers of major
amputations, rates of ulcer healing and mortality. In order to compare the effect of the structured health care
program with usual care in patients with diabetic foot we evaluated the same parameters at another regional
hospital without interdisciplinary care of diabetic foot (controls).

Results: 684 patients with diabetic foot and 508 controls were investigated. At discharge from hospital 28.3%
(structured health care program, SHC) vs. 23.0% (controls) of all ulcers had healed completely. 51.5% (SHC) vs. 49.8%
(controls) were in UT grade 1.
Major amputations were performed in 32 subjects of the structured health care program group (4.7%) vs. 110
(21.7%) in controls (p<0.0001). Mortality during hospitalization was 2.5% (SHC) vs. 9.4% in controls (p<0.001).

Conclusions: With the structured health care program we achieved a significant reduction of major amputation
rates by more than 75% as compared to standard care.

Background
Foot ulcers are a major complication in patients with
diabetes and remain one of the most common causes for
hospitalization and the high costs associated with this
disease. Unfortunately, lower extremity amputation
(LEA) is a frequent and disabling consequence of diabetes.
Major determinants in the pathway to limb loss are
peripheral sensomotoric neuropathy, ulceration, infection,
and peripheral vascular disease [1-4]. The classification of
the diabetic foot considers these factors by grading and

staging the diabetic foot wound situation according to the
modified University of Texas Wound Classification
System (modified UT). The extent of the foot wound is
graded by Wagner [5] and the staging of the wound
situation is described according to Armstrong et al. [1].
The outcome, especially with respect to LEA, appears to
deteriorate with increasing grade and stage of the foot
wounds.
It is generally accepted that LEA may potentially be

avoided in many patients if a more consequent and
aggressive therapeutic regimen would be applied. For
example, it has been stated that the deficits in the health
care structures related to the treatment of diabetes in
Germany and western Europe are especially obvious in
patients suffering from diabetic foot. Patients with
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Abstract

Objective: To analyze hospitalization for lower extremity amputations (LEAs) and amputee rates in persons with and
without diabetes in Italy.

Research Design and Methods: All patients with LEAs in the period 2001–2010 were identified analyzing the National
Hospital Discharge Record database. For each year, amputee and hospitalization rates for LEAs were calculated either for
persons with diabetes or without. Time trend for major and minor amputations were analysed.

Results: From 2001 to 2010 a mean annual number of 11,639 individuals underwent a lower extremity amputation: 58.6%
had diabetes accounting for 60.7% of total hospitalizations. In 2010, the crude amputee rate for LEAs was 20.4 per 100,000
inhabitants: 247.2 for 100.000 persons with diabetes, and 8.6 for those without diabetes. Having diabetes was associated to
an increased risk of amputation (Poisson estimated RR 10.9, 95%CI 9.4–12.8). Over the whole period, a progressive reduction
of amputee rates was observed for major amputations either among persons with diabetes (230.7%) or without diabetes
(212.5%), while the rates of minor amputations increased progressively (+22.4%) among people without diabetes and were
nearly stable in people with diabetes (24.6%). A greater number of minor amputations were performed among persons
with than without diabetes: in 2010, the minor-to-major ratio among persons with diabetes (2.5) was more than twice than
in those without diabetes (1.0).

Conclusions: The nationwide analyses confirm a progressive reduction of hospitalization and amputee rates for major LEAs,
suggesting an earlier and more diffuse approach aimed at limb salvage.
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Introduction

As in other European countries the prevalence of known
diabetes in Italy is constantly increasing. Based on the Italian
National Institute of Statistics (ISTAT) estimates in the year 2012,
there were more than 3,000,000 persons with diabetes constituting
5.5% of the population (5.5% of females and 5.4% of males). The
age-sex standardized prevalence has been increasing from 3.9% in
2001 to 5.0% in 2012. Prevalence increased with age, reaching
20% in persons older than 75 years. As to territorial distribution,
prevalence of diabetes has a South-North gradient being the
highest in the South (6.2%), followed by Centre (5.5%) and North
(4.9%) of Italy (www.epicentro.iss.it/igea/en/FactSheet.asp).

In 2005 the International Diabetes Federation (IDF) chose to
focus on one of the most severe complications of diabetes, such as
diabetic foot disease. Personal, social and economic costs and the
incidence of lower extremity amputations (LEAs) in diabetes
increase with age so that the number of diabetes-related
amputations can be expected to increase in the next years. Saint
Vincent Declaration, dating back to 1989, and aimed at reducing
LEAs by 50% within 5 years [1,2] is far from being implemented.
Moreover, although amputations are considered a ‘negative’

quality marker of foot care in diabetes [3], available data on
diabetic foot problems and amputation rates show strong variation
among different populations in Europe [4–11], further demon-
strating that a standardized approach to this problem is indeed
lacking. In Europe the main trend is the reduction in major
amputation rates and in some countries, the observed improve-
ment in amputation incidence could be related to the implemen-
tation of the International Consensus of the Diabetic Foot (ICDF)
[10] or as a benefit of multidisciplinary team work [8,9] while in
other countries such as the Netherlands, to the increase in number
of podiatric services [11]. The issue is however open since an
accurate study concerning both major and minor amputations has
not, till now, been accomplished.

In Italy, few data have been so far available about lower limb
amputations in persons with diabetes, and no nationwide study
attempted to evaluate the time trend of this important complica-
tion. Aim of this study was to analyze amputee and hospitalization
rates for LEAs in persons with and without diabetes, using the
National Hospital Discharge Record database for the period
2001–2010.
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A multidisciplinary team approach reduces major amputations rate…
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TERAPIA MULTIMODALE
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IERI OGGI
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Orientamenti terapeutici

Il piede NEUROPATICO va SCARICATO 

Il piede ISCHEMICO va RIVASCOLARIZZATO 

Il piede INFETTO va trattato con ANTIBIOTICI 
e/o CHIRURGIA 
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60

dopo 10 giorni
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1 Use of pressure offloading device in diabetic foot ulcers. Diabetes Care 31:2118-9, 2008 
2 Severe underuse of TCC in patients with neuropathic plantar ulcers: The Eurodiab Study. DiabMed 2008 

3 Diabetic foot ulcer offloading: The gap between evidence and practice. Data from the US Wound Registry. AdvSkin&WoundCare 27-7:310-6, 2014 
4 Why is it so hard to do the right thing in wound care? Wound Repair Regen 18(2):154-158, 2010 

Reale utilizzo del Total 
Contact Cast

AUTORE anno % di pazienti con TCC

Wu et al (1) 2008 2%

Prompers et al (2) 2008 13%

Fife et al (3) 2014 3,7%

Fife et al (4) 2010 6%
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Guarigione a 12 settimane (%) 

- Total Contact Cast          95% 
- Tutore non rimovibile      85% 

Tempo di guarigione (settimane) 

- Total Contact Cast       6,5 ± 4,4 
- Tutore non rimovibile   6,7 ± 3,4

p=NSGardaLakeDiabetic
Foot



Orientamenti terapeutici

Il piede NEUROPATICO va SCARICATO 

Il piede ISCHEMICO va RIVASCOLARIZZATO 

Il piede INFETTO va trattato con ANTIBIOTICI 
e/o CHIRURGIA 
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Ezio Faglia, MD1, Giacomo Clerici, MD1, Jacques Clerissi, MD2, Livio Gabrielli, MD3, Sergio Losa, MD3, 
Manuela Mantero, MD1, Maurizio Caminiti, MD1, Vincenzo Curci, MD1, Antonella Quarantiello, MD1 and 

Alberto Morabito, Ph D4  March 11, 2009  

564 pz, Follow-up medio 5.93±1.28 aa 

Amputazione maggiore  74/564 (13.4%)  

 PTA           34/420  (8.2%) 

 By-pass            24/117  (21.1%) 

 Nulla             16/27  (59.2%) 

Decessi: 276 (49.8%)GardaLakeDiabetic
Foot



IWGDF 2011

0,8 – 3,7 % 

11,3 – 21,8% 

85 % 

82 % 

78 % 

17,3 %

0 - 4,3 % 

10 – 29 % 

78 % 

76 % 

56 – 77 % 

8,9 %

Mortalità perioperatoria 

Mortalità a 1 anno 

Salvataggio d’arto 1 anno 

Salvataggio d’arto a 3 anni 

Salvataggio d’arto a 5 anni 

Amputazioni a 2 anni

Endovascolare Chirurgia
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Endovascolare Chirurgia
Ridotta invasività 

Anestesia locale 

Ripetibile 

Non ferite chirurgiche 

Ospedalizzazione breve

Maggior invasività 

Anestesia peridurale o generale 

Difficoltosa REDO-Surgery 

Ferite chirurgiche 

Ospedalizzazione lunga
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Orientamenti terapeutici

Il piede NEUROPATICO va SCARICATO 

Il piede ISCHEMICO va RIVASCOLARIZZATO 

Il piede INFETTO va trattato con ANTIBIOTICI 
e/o CHIRURGIA 
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Flemmone

Gangrema umida/gassosa

Fascite necrotizzante

METTONO A REPENTAGLIO L’ARTO E 

LA VITA DEL PAZIENTE
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Il problema non è salvare l’arto, ma la vita!GardaLakeDiabetic
Foot



TRATTAMENTO CHIRURGICO “ELETTIVO” 
Cellulite – Necrosi - Gangrena secca
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PRIMA RIVASCOLARIZZARE, POI OPERARE

Necrosi ischemica I dito 
TcPO2 non eseguita 
ECD: stenosi serrata TA e TP

TcPO2= 11 mmHg 
PTA sottopoplitea 
TcPO2 post= 44 mmHg 
Amputazione Chopart
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“GESTIONE MULTIDISCIPLINARE” 
E “TERAPIA MULTIMODALE” 

NELLA PRATICA CLINICA
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28 gen 2010

17 feb 2010GardaLakeDiabetic
Foot
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27 gen visita ambulatoriale  diabetologo, ch.vascolare 
      infermiera spec. Wound care 
   tampone   microbiologo 
   rx piede   radiologo 
28 gen debridement chirurgico + VAC diabetologo 
      equipe sala operatoria 
30 gen studio angiografico + PTA  radiologo interventista 
      chirurgo vascolare 
05 feb by-pass    chirurgo vascolare 
      equipe sala operatoria 
01 mar debridement + innesti  diabetologo 
      equipe sala operatoria 
04 mar medicazioni reparto  diabetologo 
      infermiera spec. Wound Care 
20 mar medicazioni ambulatorio + OTI diabetologo, personale OTI 
      infermiera spec. Wound Care 
09 apr calzature definitive  tecnico ortopedico, diabetologo 

Gestione multidisciplinare

Ricovero 1 
14 gg

Ricovero 2 
5 gg

GardaLakeDiabetic
Foot



29 agosto 2012
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18 settembre 2012

11 settembre 2012

30 settembre 2012
GardaLakeDiabetic
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➢HOSPITALIZATION 
-Daptomycin 6 mg/kg/die  
-Heparin 
-Insulin 
-Offloading 

SURGERY 
ROOM !!

august 19, 2013
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august 21, 2013
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september 2, 2013august 23, 2013

september 25, 2013 october 7, 2013
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…is it enough?
october 14, 2013
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19 aug outpatient visit   diabetologist, vascular surgeon 
     nurses spec. Wound care 
  specimen for bacterial culture  microbiologist, infectivologist 
  foot x-ray   radiologist 
19 aug debridement + V ray amputation  diabetologist, department equipe 
     surgery room equipe 
21 aug revascularization   vascular surgeon 
     surgery room equipe 
02 sep dermal substitute   plastic surgeon, diabetologist 
     surgery room equipe 
03 sep department dressings + NPWT  diabetologist 
     nurses spec. Wound Care 
05 sep outpatient dressings  diabetologist, plastic surgeon 
     nurses spec. Wound Care 
23 sep mesh graft    plastic surgeon, diabetologist 
     surgery room equipe 
24 sep department dressings + NPWT  diabetologist 
     nurses spec. Wound Care 
17 oct  custom-made footwear and prevention orthotist, podiatrist,diabetologist 

Multidisciplinary approach

Hospitalization 1 
16 days

Hospitalization 2 
5 days
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Appropriate Diagnosis First !!

aug 15, 2014

Wet gangrene 
V ray osteomyelitis 
(Pseudomonas Aer) 

TcpO2 17 mmHg 

Blood glucose  328 mg/dL 
BP    155/60 
mmHg, 
HR    89 bpm 
TA     36.8°c 
WBC   11.500 (N 68%)
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SURGERY 
ROOM !!

aug 16, 2014
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TcpO2 17 mmHg TcpO2 40 mmHg 

Revascularization
aug 19, 2014
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MULTIMODAL THERAPY

sep 22, 2014sep 2, 2014aug 22, 2014
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oct 14, 2014
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• Sig. Santino, 65 aa 
• T2DM da 9 aa con vasculopatia 
• Monoarto (amputazione gamba dx 

per gangrena 5 aa prima) 
• Fumatore

27 gen 2009

• Tampone: MRSA 
• TcPO2: 1 mmHg 
• EcoDoppler: stenosi non significativa 

di AFS; occlusione completa dei tre 
vasi sottopoplitei

UN CASO FINITO MALE…..
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• Amputazione alla Lisfranc “open” 
• 40 sedute di OTI 
• VAC Therapy -125 mmHg 
• Linezolid ev

8 sedute OTI 
10 gg VAC 

TcPO2 11 mmHg

GardaLakeDiabetic
Foot



TcPO2 sopra il ginocchio: 57 mmHg 
TcPO2 sotto il ginocchio: 62 mmHg
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“Dottore, il diabete 
è una vera e propria 

fregatura…”
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U.O. Piede Diabetico e Vulnologia - Equipe

• Cristian Nicoletti – Responsabile, specialista in Endocrinologia e Malattie del Metabolismo 
• Amelia Girelli – Coordinatrice, infermiera specialista in Wound Care 
• Emanuele Nasole – Collaboratore, specialista in Dermatologia e Venereologia 
• Luca Spazzapan – Collaboratore, specialista in Chirurgia Plastica e Ricostruttiva 
• Elena Solagna– Collaboratore, specialista in Endocrinologia e Malattie del Metabolismo 
• Marcello Lino – Responsabile Chirurgia Vascolare ed Endovascolare 
• Bruno Migliara – Chirurgia Vascolare ed Endovascolare 
• Mattia Mirandola – Chirurgia Vascolare ed Endovascolare 
• Andrea Griso – Chirurgia Vascolare ed Endovascolare 
• Marco Ceschi – Ortopedico 
• Francesco Furlan – Radiologo Interventista 
• Marco Piacentini – Podologo 
• Davide Lucchetta, Andrea Malachin – Tecnici ortopedici 
• Matteo Checchetto, Stefania Vaccari, Carla Fadini- infermieri 

www.piede-diabetico.comGardaLakeDiabetic
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